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ABSTRACT
We present far-infrared (FIR) and submillimeter photometry from the Herschel Space
Observatory’s Spectral and Photometric Imaging Receiver (SPIRE) for 313 nearby
(z < 0.05) active galactic nuclei (AGN). We selected AGN from the 58 month Swift
Burst Alert Telescope (BAT) catalog, the result of an all-sky survey in the 14–195
keV energy band, allowing for a reduction in AGN selection effects due to obscuration
and host galaxy contamination. We find 46% (143/313) of our sample is detected
at all three wavebands and combined with our PACS observations represents the
most complete FIR spectral energy distributions of local, moderate luminosity AGN.
We find no correlation between the 250, 350, and 500 µm luminosities with 14–195
keV luminosity, indicating the bulk of the FIR emission is not related to the AGN.
However, Seyfert 1s do show a very weak correlation with X-ray luminosity compared
to Seyfert 2s and we discuss possible explanations. We compare the SPIRE colors
(F250/F350 and F350/F500) to a sample of normal star-forming galaxies, finding the
two samples are statistically similar, especially after matching in stellar mass. But a
color-color plot reveals a fraction of the Herschel -BAT AGN are displaced from the
normal star-forming galaxies due to excess 500 µm emission (E500). Our analysis shows
E500 is strongly correlated with the 14–195 keV luminosity and 3.4/4.6 µm flux ratio,
evidence the excess is related to the AGN. We speculate these sources are experiencing
millimeter excess emission originating in the corona of the accretion disk.
Key words: galaxies: active – galaxies: Seyfert – galaxies: photometry – infrared:
galaxies – methods: data analysis
1 INTRODUCTION
The star formation rate (SFR) of galaxies sets the rate
at which galaxies grow and evolve and is the one of the
most important measures for understanding the hierarchi-
cal build-up of our universe over cosmic time. Large scale
simulations, however, have shown that unregulated star for-
mation leads to an overabundance of high mass galaxies (e.g.
Bower et al. 2006; Croton et al. 2006; Silk & Mamon 2012).
⋆ Herschel is an ESA space observatory with science instruments
provided by European-led Principal Investigator consortia and
with important participation from NASA.
† Email: tshimizu@astro.umd.edu
Therefore some process (or processes) must be able to stop,
or “quench,” star formation before the galaxy grows to be
too big.
The answer seems to lie in supermassive black holes
(SMBH) which nearly all massive galaxies harbor in their
centers. SMBHs grow through accretion of cold material
(Active Galactic Nuclei; AGN), and the huge loss of gravita-
tional energy of the cold material is converted into radiation
that is evident across the whole electromagnetic spectrum
and manifests itself as a bright point source in the nucleus
of galaxies. The AGN can deposit this energy into the ISM
of its host galaxy through jets (e.g. Fabian et al. 2003; Best
2007; Lanz et al. 2015) or powerful outflows that either heat
the gas or remove it altogether, i.e. “feedback” processes
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(e.g Alatalo et al. 2011; Veilleux et al. 2013; Harrison et al.
2014; Tombesi et al. 2015).
Indirect evidence of this “feedback” has been observed
through the simple, scaling relationships between the mass
of the SMBH and different properties of the host galaxy
such as the stellar velocity dispersion in the bulge, the bulge
mass, and the bulge luminosity (e.g. Kormendy & Richstone
1995; Ferrarese & Merritt 2000; Marconi & Hunt 2003;
Häring & Rix 2004; Gültekin et al. 2009; Kormendy & Ho
2013). The relative tightness of these relationships suggests
a strong coevolution of the host galaxy and SMBH. Much
debate remains however as to the exact mechanism of AGN
feedback and whether or not it plays a dominant role in the
overall evolution of galaxies especially in light of new ob-
servations at both low and high MBH that seem to deviate
from the well-established relationships (see Kormendy & Ho
2013, for a detailed review).
Evidence for AGN feedback though should also man-
ifest itself in the SFR of its host galaxy, therefore much
work has also focused on the so-called starburst-AGN
connection (e.g. Sanders et al. 1988; Cid Fernandes et al.
2001; Diamond-Stanic & Rieke 2012; Dixon & Joseph 2011;
Rovilos et al. 2012; Chen et al. 2013; LaMassa et al. 2013;
Esquej et al. 2014; Hickox et al. 2014; Mushotzky et al.
2014). The problem lies in determining accurate estimates
of the SFR in AGN host galaxies. Well-calibrated indica-
tors, such as Hα emission and UV luminosity, are signifi-
cantly, if not completely, contaminated by the central AGN.
Many studies therefore turn to the infrared (IR) regime
(1 < λ < 1000 µm) where dust re-emits the stellar light
from young stars.
Dust fills the interstellar medium (ISM) of galaxies and
plays an important part in the heating and cooling of the
ISM and the general physics of the galaxy. While dust con-
tributes very little to the overall mass of a galaxy (< 1%),
the radiative output, mainly in the infrared (IR) regime,
can, on average, constitute roughly half of the bolomet-
ric luminosity of the entire galaxy (Hauser & Dwek 2001;
Boselli et al. 2003; Dale et al. 2007; Burgarella et al. 2013),
although there is an enormous range in the fraction. Dust ef-
ficiently absorbs optical and UV emission and re-radiates it
in the mid- and far-infrared (MIR, FIR) depending on the
temperature as well as grain size (Draine 2003). Recently
formed O and B stars produce the majority of the optical
and UV light in galaxies, therefore measuring the total IR
light from dust provides insights into the current (< 100
Myr) star formation rate (SFR) (e.g. Kennicutt & Evans
2012), although for very passive galaxies where the current
SFR is much lower than it was earlier, IR emission can be
an overestimate due to dust heating by an older stellar pop-
ulation.(e.g. Bendo et al. 2015)
However, dust is also the key component in obscuring
our view of AGN. Dust heated by the AGN is thought to
primarily live in a toroidal-like structure that encircles the
AGN and absorbs its radiative output for certain lines of
sight. The dusty torus is used to explain the dichotomy of
AGN into Seyfert 1 (Sy 1) and Seyfert 2 (Sy 2) within a uni-
fied model (Antonucci 1993; Urry & Padovani 1995). Like O
and B stars in star-forming regions, the AGN outputs heavy
amounts of optical and UV light, and like dust in the ISM
the dusty torus absorbs and re-emits this as IR radiation.
Spectral energy distribution (SED) models (Barvainis 1987;
Pier & Krolik 1992; Efstathiou & Rowan-Robinson 1995;
Nenkova et al. 2002; Fritz et al. 2006) as well as observa-
tions (Elvis et al. 1994; Spinoglio et al. 2002; Netzer et al.
2007; Mullaney et al. 2011; Mor & Netzer 2012) suggest the
torus mainly emits in the MIR (3 < λ < 40 µm) with
the flux density dropping rapidly in the FIR (λ > 40 µm).
Further the SED for stellar dust re-radiation peaks in the
FIR (Calzetti et al. 2000; Dale & Helou 2002; Draine et al.
2007), making the FIR the ideal waveband to study star-
formation in AGN host galaxies.
Space-based telescopes such as the Infrared Astronom-
ical Satellite (IRAS; Neugebauer et al. 1984), Spitzer Space
Telescope (Werner et al. 2004), and Infrared Space Obser-
vatory (Kessler et al. 1996) greatly expanded our knowl-
edge of the IR universe and provided a window into the
FIR properties of galaxies. But, before the launch of the
Herschel Space Observatory (Pilbratt et al. 2010), the FIR
SED was limited to λ < 200 µm, except for studies of small
samples of the brightest galaxies using ground-based instru-
ments such as SCUBA (e.g. Papadopoulos & Seaquist 1999;
Papadopoulos & Allen 2000). Herschel with the Spectral
and Photometric Imaging Receiver (SPIRE; Griffin et al.
2010) has pushed into the submillimeter range with obser-
vations in the 250, 350, and 500 µm wavebands, probing
the Rayleigh-Jeans tail of the modified blackbody that ac-
curately describes the broadband FIR SED of galaxies (e.g.
Calzetti et al. 2000; Dale et al. 2012; Cortese et al. 2014).
These wavebands are crucial for measuring dust proper-
ties (i.e. temperature and mass) as Galametz et al. (2011)
and Gordon et al. (2010) show. Further, Ciesla et al. (2015)
found that FIR and submillimeter data are important for
estimating the SFR of AGN host galaxies.
Recent studies, such as Petric et al. (2015) and
Xu et al. (2015), focusing on the dust and star-forming prop-
erties of AGN have shown the power of long wavelength Her-
schel data to better constrain the SFR, dust mass, and dust
temperature in AGN host galaxies. Petric et al. (2015) an-
alyzed the IR SEDs of low redshift (z < 0.5), quasi-stellar
objects (QSOs) broadly finding most of the FIR emission
can be attributed to thermally-heated dust. Xu et al. (2015)
looked at the IR SEDs of 24 µm selected AGN at slightly
higher redshift (0.3 < z < 2.5) around galaxy clusters find-
ing a strong correlation between the AGN and star-forming
luminosity which could be due to their shared correlation
with galaxy stellar mass. Both studies, however, rely on
AGN selection using different wavebands (optical vs. mid-
infrared) and generally probe the higher AGN luminosity
population.
Therefore, we have assembled a large (∼ 300), low red-
shift (z < 0.05) sample of AGN selected using ultra-hard
X-ray observations with the Swift/Burst Alert Telescope
(BAT) and imaged each one with Herschel. This sample
focuses on moderate luminosity Seyfert galaxies (1042 <
LAGN < 10
46). In Meléndez et al. (2014), we presented the
PACS data of the Herschel -BAT AGN which provided pho-
tometry at 70 and 160 µm. In this paper, we complete the
FIR SED of the BAT AGN with the creation and analysis of
the SPIRE images. We focus on the overall luminosity distri-
butions at the SPIRE wavebands as well as the SPIRE colors
(F250/F350 and F350/F500) to determine the likely heating
sources of cold dust in AGN host galaxies. We also look for
correlations with a proxy for the bolometric AGN luminos-
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ity to potentially reveal any indication that AGN heated
dust is contributing to the FIR SED. This paper sets us up
for a complete study of the mid-far IR SED to fully explore
the star-forming properties of AGN host galaxies and reveal
the global starburst-AGN connection in the nearby universe
(Shimizu et al, in preparation). Throughout this paper we
assume a ΛCDM cosmology with H0 = 70 km s
−1 Mpc2,
Ωm = 0.3, and ΩΛ = 0.7. Luminosity distances for each
AGN were calculated based on their redshift and assumed
cosmology, except for those with z < 0.01 where we referred
to the Extragalactic Distance Database1 .
2 THE Swift/BAT AGN SAMPLE
Swift/BAT (Barthelmy et al. 2005; Gehrels et al. 2004) op-
erates in the 14–195 keV energy range, continuously moni-
toring the sky for gamma-ray bursts. This constant moni-
toring has also allowed for the most complete all-sky survey
in the ultra-hard X-rays. To date, BAT has detected 1171
sources at > 4.8σ significance corresponding to a sensitivity
of 1.34 × 10−11 ergs s−1 cm−2 (Baumgartner et al. 2013).
Over 700 of those sources have been identified as a type of
AGN (Seyfert, Blazar, QSO, etc.)
We selected our sample of 313 AGN from the 58 month
Swift/BAT Catalog2 (Baumgartner et al. 2012), imposing
a redshift cutoff of z < 0.05. All different types of AGN
were chosen only excluding Blazars/BL Lac objects which
most likely introduce complicated beaming effects. To de-
termine their AGN type, for 252 sources we used the clas-
sifications from the BAT AGN Spectroscopic Survey (Koss
et al, in preparation) which compiled and analyzed optical
spectra for the Swift/BAT 70 month catalog (Berney et al.
2015). Seyfert classification was determined using the stan-
dard scheme from Osterbrock (1977) and Osterbrock (1981).
For the remaining 61 AGN we used the classifications pro-
vided in the 70 month catalog. In total the sample contains
30 Sy 1, 30 Sy 1.2, 79 Sy 1.5, 1 Sy 1.8, 47 Sy 1.9, 121 Sy
2, 4 LINERs, and 1 unclassified AGN. For the purpose of
broad classification, in the rest of this paper we choose to
classify all Sy 1-1.5 as Sy 1’s, and all Sy 1.8-2 as St 2’s. In
Table 1 we list the entire Herschel -BAT sample along with
positions and redshifts taken from the NASA/IPAC Extra-
galactic Database (NED)3.
Selection of AGN by ultra-hard X-rays provides mul-
tiple advantages over other wavelengths. Due to their high
energy, ultra-hard X-rays easily pass through Compton-thin
gas or dust in the line of sight providing a direct view of
the AGN. Using optical or mid-infrared selection can be
problematic due to contamination by the host galaxy. Also,
ultra-hard X-rays are unaffected by any type of absorption
by material obscuring the AGN provided it is optically thin
to Compton scattering (NH . 10
24 cm−2) which is a concern
for hard X-rays in the 2-10 keV energy range.
Numerous studies have been done on the BAT sample
in the past that span nearly the entire electromagnetic spec-
trum. Weaver et al. (2010) and Meléndez et al. (2008) used
Spitzer/IRS spectra to study the mid-infrared properties of
1 http://edd.ifa.hawaii.edu/
2 https://swift.gsfc.nasa.gov/results/bs58mon
3 http://ned.ipac.caltech.edu/
the BAT AGN. Winter et al. (2009) and Vasudevan et al.
(2013) studied the X-ray spectral properties for a subsam-
ple, while Koss et al. (2011) looked at the optical host galaxy
properties and Winter et al. (2010) analyzed the optical
spectra. Along with these, many of the BAT AGN are de-
tected at radio wavelengths with the FIRST (Becker et al.
1995) and NVSS (Condon et al. 1998) survey as well. One
key ingredient missing though is the far-infrared (FIR)
where emission from ultraviolet-heated dust peaks.
3 Herschel SPIRE OBSERVATIONS AND DATA
REDUCTION
The Spectral and Photometric Imaging Receiver (SPIRE)
(Griffin et al. 2010) onboard Herschel observed in small map
mode 293 of our objects between operational days (OD)
722 and 1265 as part of a Cycle 1 open time program
(OT1_rmushotz_1, PI: Richard Mushotzky). 20 other ob-
jects with public data from separate programs are also in-
cluded to complete our sample. Within each observation
from our program, two scans were performed at nearly or-
thogonal angles with the nominal 30" s−1 scan speed that
resulted in a ∼5’ diameter area of homogeneous coverage in
all three SPIRE wavebands centered at 250, 350, and 500
µm. Table 1 lists the OD and OBSID for each source.
The SPIRE raw data (“Level 0”) were reduced to “Level
1” using the standard pipeline contained in the Herschel In-
teractive Processing Environment (HIPE) version 13.0 (Ott
2010). The pipeline performs a host of steps including, but
not limited to, glitch removal, electrical crosstalk correction,
and brightness conversion, which results in timeline data
(brightness vs. time) for each bolometer and each scan.
The Level 1 timelines were then input into Scanamor-
phos v24.0 (Roussel 2013) to create image maps for each
source. Scanamorphos was effectively designed to take ad-
vantage of the built-in redundancy of the detectors to sub-
tract the low frequency noise caused by temperature drifts of
the telescope as a whole (correlated noise) and each bolome-
ter. The drifts are determined from the data themselves
without the use of any noise model and thus more accu-
rately take into account any time variation of the drifts.
The final output of Scanamorphos is a FITS image cube
or series of FITS files containing the image, 1σ pixel error,
drifts, weights, and clean map. Each map has pixel sizes
equal to ∼1/4 times the point spread function (PSF) full
width at half maximum (FWHM) of each waveband. For
the 250 (18" FWHM), 350 (24" FWHM), and 500 µm (36"
FWHM) maps, this means 4.5", 6.25", and 9" pixel sizes re-
spectively. The brightness units for the maps are Jy/beam.
Fig. 1 shows the resulting maps, centered on the known po-
sitions of the AGN from Table 1.
4 SPIRE FLUX EXTRACTION
Because of the large beams of SPIRE, a subsample of
sources remain unresolved even though all are fairly nearby
(z < 0.05). We employed two different methods depending
on whether a source is resolved (aperture photometry) or
unresolved (timeline fitting).
© 0000 RAS, MNRAS 000, 000–000
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Table 1. The Herschel-BAT Sample
Name RA DEC z Distance Type OD OBSID
(J2000) (J2000) (Mpc)
Mrk 335 00h06m19.5s +20d12m10s 0.0258 112.62 Sy 1.2 949 1342234683
2MASX J00253292+6821442 00h25m32.9s +68d21m44s 0.012 51.87 Sy 2 1022 1342239794
CGCG 535-012 00h36m21.0s +45d39m54s 0.0476 211.45 Sy 1.2a 976 1342237509
NGC 235A 00h42m52.8s -23d32m28s 0.0222 96.83 Sy 2 737 1342221462
MCG -02-02-095 00h43m08.8s -11d36m04s 0.0189 81.99 Sy 2 949 1342234695
Mrk 348 00h48m47.1s +31d57m25s 0.015 65.13 Sy 1.9 603 1342212368
MCG +05-03-013 00h51m35.0s +29d24m05s 0.036 158.22 Sy 1a 977 1342237559
Mrk 352 00h59m53.3s +31d49m37s 0.0149 64.39 Sy 1.2 964 1342236244
ESO 195-IG021 NED03 01h00m35.0s -47d52m04s 0.0482 214.22 Sy 2 949 1342234727
MCG -07-03-007 01h05m26.8s -42d12m58s 0.0299 130.92 Sy 2 949 1342234725
2MASX J01064523+0638015 01h06m45.3s +06d38m02s 0.041 181.09 Sy 2 976 1342237549
Note. – Column 1: Name of the source. Column 2: Right ascension in J2000 coordinates. Column 3: Declination in
J2000 coordinates. Column 4: Redshift of the source. Column 5: Luminosity distance of the source in Mpc. Column
6: AGN classification. Sources marked with an a are from the 70 month Swift/BAT catalog; all others are from the
BASS survey (Berney et al. 2015). Column 7: Herschel Operational Day number for when the observation started.
Column 7: Herschel Observation Identification number. The full table is available in the online version.
4.1 Timeline Fitting
Timeline fitting involves modeling the response of a point
source in the Level 1 data as a Gaussian and determining
the best fit parameters for the Gaussian. The peak of the
Gaussian then corresponds to the flux density of the source.
Because this method is performed on the Level 1 data, in-
stead of the image maps, it avoids any potential artifacts
or biases involved with the mapmaking procedure and is the
highly recommended procedure for determining the photom-
etry of point sources by the SPIRE Data Reduction Guide
(DRG, section 5.7.1)4 .
To determine which sources are unresolved, we fit
the Level 1 data using the sourceExtractorTimeline task
within HIPE to measure the best-fit Gaussian where one of
the free parameters is the size of the source, represented by
the FWHM of the Gaussian. A source is then considered un-
resolved in a waveband if its best fit FWHM is less than 21",
28", or 40" at 250, 350, or 500 µm respectively, the upper
limit for the nominal ranges of FWHM expected for point
sources. We also visually inspected the images to ensure no
extended sources were falsely classified as a point source.
This occurred when an extended galaxy contained a bright
point source in the nucleus. To avoid combining different
flux extraction techniques for a single source, we only used
the timeline flux densities if that source was unresolved at
all wavebands in which it is visually detected.
We used the timeline fluxes for 82 (26%), 62 (20%),
and 12 (13%) sources in each of the three wavebands. These
sources are indicated in Table 2 with a “TF". The discrep-
ancy is due to some of the sources being undetected at longer
wavelengths because of the rapid fall-off of the SED as well
as the decreasing sensitivity of SPIRE. For the sources that
are undetected we used aperture photometry to determine
their 5σ upper limit, therefore if a source is detected as a
point source at 250 µm but undetected at 350 and 500 µm,
it would be listed as having a timeline flux for 250, but not
4 http://herschel.esac.esa.int/hcss-doc-11.0/index.jsp#
spire_drg:_start
for 350 and 500. For reference all but three of the 82 sources
for which we used timeline fitting to determine the 250 µm
photometry are also point-like in both PACS wavebands.
The exceptions, however are only partially resolved at 70
µm and point-like at 160 µm.
4.2 Aperture Photometry
For the rest of the sources, we perform aperture photometry
to measure the flux densities directly from the Scanamor-
phos-produced SPIRE maps. The first step in aperture pho-
tometry is to determine the size and shape of the aperture
from which to extract the flux from. To determine the lo-
cal background, we also used a concentric annulus around
the source aperture as well as a series of apertures within
the annulus to calculate the background root-mean-square
(RMS).
Instead of choosing apertures manually by visually in-
specting each image, we used the publicly available, Python
based photutils5 package. photutils provides open-source
functions that perform tasks such as detecting sources, mea-
suring their size and shape, and performing aperture pho-
tometry. The process we used for the aperture photometry
of the BAT AGN in the SPIRE maps involved the follow-
ing key steps and is very similar to the method employed in
the popular Sextractor software (Bertin & Arnouts 1996)
especially in regards to the use of a segmentation image.
(i) Convert the maps from Jy/beam to Jy/pixel.
(ii) Measure the standard deviation and median of the
global background level.
(iii) Detect sources above a given threshold using a seg-
mentation image–details are given in the next section.
(iv) Find the associated BAT source.
(v) Measure the size and shape of associated source.
(vi) Create the source and background annulus from the
size and shape of the source.
5 http://photutils.readthedocs.org/en/stable/
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Figure 1. SPIRE maps for all of the Herschel-BAT AGN (Here we only show the first four in the sample. Figures for all of the sources
are available online.) Each row is a separate AGN and each column is a separate waveband. Left: PSW or 250 µm. Middle: PMW or
350 µm. Right: PLW or 500 µm. All images have been smoothed for aesthetic purposes using a 2D Gaussian kernel with σ = 1.5 pixels,
slightly smaller than the beam size. Pixel intensity units are Jy/beam and are displayed with an arcsinh stretch. The range in intensity
is from the maximum pixel value near the BAT position or 5 times the median global background (whichever is larger) to the median
global background level measured during the aperture photometry process. The white hatched circle in the lower left corner shows the
FWHM of the Herschel beam convolved with the same Gaussian as the image. The red cross plots the known position of the BAT AGN
from Table 1.
(vii) Create a series of background apertures around the
source aperture to measure the RMS of the background.
(viii) Measure the fluxes within all apertures and calcu-
late a background-subtracted flux and uncertainty.
4.2.1 Source Detection
The first step in the process is converting the SPIRE map
units from Jy/beam to Jy/pixel. The images must be divided
by the beam area specific to the waveband and calibration
version (spire_cal_13_1) used to create the maps. For this
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work the beam areas are 469.7, 831.7, and 1793.5 arcsec2 for
the 250, 350, and 500 µm wavebands respectively and taken
from the latest version of the SPIRE DRG. Each pixel of the
map is converted to Jy/pixel using the following formula.
I [Jy/pixel] =
I [Jy/beam]× P 2
B
(1)
I is the intensity value of the pixel, P is the pixel size of the
map (see Section 3), and B is the beam area stated above.
After converting all of the pixels, we use an iterative proce-
dure to measure the median and standard deviation of the
background over the whole map. For this, we use two tools:
sigma-clipping and a segmentation image. Sigma-clipping
involves measuring the median and standard deviation of
data (in this case pixel values of the SPIRE maps) and re-
moving pixels that are above a clipping limit. The process
is then repeated until there are no more pixels above the
clipping limit. We chose a clipping limit of 3 standard de-
viations above the measured median. The function used to
perform the sigma-clipping is sigma_clipped_stats that is
provided within the Astropy (Astropy Collaboration et al.
2013) package.
Sigma-clipping however can still be affected by sources
in the field and provides a biased estimate of the background.
A better process is to iteratively run sigma-clipping, each
time masking out pixels associated with a source. To de-
termine which pixels will be masked, we use a segmenta-
tion image. A segmentation image is a map, the same size
as the input map, that identifies groups of connected pix-
els that are above a certain threshold. For a threshold we
use MD + 2× SD where MD and SD are the median and
standard deviation of the map determined through sigma-
clipping. A source is identified in the map as a group of
5 interconnected pixels that are above this threshold value.
The Photutils function detect_sources was used to create
all segmentation images. All of the pixels that are associ-
ated with a source are then masked out and sigma-clipping
is re-run on the remaining pixels. This process is repeated
until the percentage change in the sigma-clipped median is
less than 1 × 10−6 or a maximum of 10 iterations. A fi-
nal sigma-clipped median (MDfinal) and standard devia-
tion (SDfinal) is measured from the masked map.
We then produce a new segmentation image to find the
associated BAT source in the SPIRE map using a thresh-
old of MDfinal + 1.5 × SDfinal. Through tests of various
extended sources, we found 1.5 × SDfinal to best incorpo-
rate the fainter outer regions of the galaxies. The Photutils
function segment_properties is then used to measure cen-
troid, semimajor axis length, semiminor axis length, and po-
sition angle of all sources detected from the segmentation
image. We identify the BAT source as the closest detected
source within one FWHM (see Section 3) of the known po-
sitions (Table 1).
4.2.2 Target and Background Apertures
After the SPIRE source that is associated with the BAT
source is found, we used the measured size and shape from
segment_properties to construct a target and background
aperture. The target aperture is an ellipse and the back-
ground aperture is an elliptical annulus. The semimajor and
semiminor radii of the target aperture are calculated as
3.5 times the semimajor and semiminor sigma values from
segment_properties. The sigma values are measured from
the second-order central moments of the detected source
and represent the standard deviations along each axis of
a 2D Gaussian that has the same second-order moments.
The central position of the target aperture is the centroid of
the source and the orientation is the same as the measured
orientation.
The background annulus has the same central position
and orientation as the target aperture. For the inner radius,
we increase the semimajor and semiminor axis of the target
aperture by 3 pixels. The outer radius is then 1.5 times the
inner radius.
In addition to the background annulus, we also con-
struct a series of circular apertures that encircle the target
aperture. These have a size of 22", 30", and 42", the rec-
ommended size of an aperture (see the SPIRE DRG) for
measuring the flux of a point source in the 250, 350, and
500 µm maps respectively. While the background annulus is
used to measured the local background level, these circular
apertures are used to measure the background noise. The
SPIRE DRG recommends using local background apertures
for the calculation of the background noise because calculat-
ing the RMS within the background annulus will underesti-
mate the noise. We construct as many apertures as can fit
just outside the target aperture without overlapping but im-
pose a minimum of 6 apertures. Figure 2 shows an example
of the apertures used in calculating the photometry as well
as the segmentation image that was used to find the source
and determine its properties to construct the apertures.
One exception to all of this occurs for small sources. If
the constructed target aperture has a semimajor axis smaller
than 22", 30", or 42" for 250, 350, and 500 µm maps, then
we use a circular aperture with these radii. This indicates
the source is likely a point source that was either missed
using the results from the timeline fitting (Section 4.1) or
is extended at other SPIRE wavelengths which automati-
cally identifies it as extended at all wavelengths. For these
aperture photometry point sources, the background annulus
used has a 60" inner radius and a 90" outer radius, the rec-
ommended annulus for point source photometry from the
SPIRE DRG. The circular background apertures are still
constructed in the same way as for extended sources.
The other exception is for sources that lie in maps dom-
inated by foreground cirrus emission. Cirrus emission comes
from cold dust in the Milky Way galaxy that is along our
line of sight to the AGN. It is identified as bright smooth
patches that occur over large spatial scales. We visually iden-
tified 25 sources that are likely contaminated by Milky Way
cirrus. We used point source apertures for the photometry,
however instead of placing the background annulus 60–90"
away, we placed it right outside the target aperture to get a
more accurate estimate of the local background.
4.2.3 Flux Extraction
We calculate the raw source flux (Fraw) by summing the
values of the pixels within the target aperture. Pixels that
are on the border are used by determining the fraction of
the pixel area that is inside the aperture and using that
fraction of the pixel value in the sum. The background level
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Figure 2. An example of the segmentation image (left) and apertures used in the aperture photometry procedure. The solid white line
indicates the target aperture whose size and shape were determined from the centroid and second order moments of the source (central
light green group of pixels) detected in the segmentation image. The dashed annulus shows the background annulus used to calculate
the local background level. The dashed circular apertures are used to determine the background noise. The right image is the actual
SPIRE map of the BAT source ESO 209-G012 using an arcsinh stretch. The red cross in both images shows the known location of ESO
209-G012 from Table 1.
is determined by estimating the mode of the pixel values
within the background annulus using a Python version of
the “MMM” routine which is the method used in the popu-
lar photometry package DAOPHOT. The mode (Fbkg−an) then
represents the per-pixel background level so we multiply it
by the pixel area of the target aperture (Asrc) to calculate
the total background flux within the target aperture. The
background flux is then subtracted from the raw source flux.
The whole procedure can be represented with the following
equation:
Fbkg−sub = Fraw − Fbkg−an × Asrc (2)
For extended sources, Fbkg−sub represents the final mea-
sured flux density. However for sources which used the point
source aperture, we applied the necessary aperture correc-
tions as given in the SPIRE DRG. For the 250, 350, and 500
µm bands, these corrections are 1.2697, 1.2271, and 1.2194
respectively.
Both Ciesla et al. (2012) and Dale et al. (2012) found
aperture corrections for extended emission to be small and
unnecessary. To confirm this, we convolved our PACS 160
µm images (PSF FWHM 12") to the 250, 350, and 500
µm angular resolution using the convolution kernels from
Aniano et al. (2011). This makes the assumption that the
160 µm emission is generated by the same material as that
producing the SPIRE emission. Aperture corrections were
calculated by dividing the total flux within an aperture from
the original PACS image by the flux within the exact same
aperture applied to the convolved image. The same aperture
sizes were used in this calculation as the ones used in this
SPIRE analysis. Median aperture corrections of 1.01, 0.98,
and 0.98 were found consistent with a value of 1 and con-
firming that extended emission aperture corrections are not
necessary.
4.3 Uncertainty Calculation
For sources where we used aperture photometry, three com-
ponents were factored into the total error budget for the
SPIRE aperture photometry of our sample. These were the
instrumental error (errinst), background error (errbkg), and
calibration error (errcal). errcal is fixed at 6.5% of the mea-
sured background-subtracted flux density for sources which
used aperture photometry. The calibration error is the com-
bination of the 4% uncertainty in the Neptune (which is
the primary calibrator source for SPIRE) flux model, the
1.5% uncertainty from repeated measurements of Neptune,
and the 1% uncertainty in the beam areas (Bendo et al.
2013). To determine errinst, we summed in quadrature all
of the 1σ pixel uncertainties from the error map contained
in the target aperture. For errbkg, we measured the flux
within the circular background apertures placed around the
source aperture. The standard deviation of the fluxes was
calculated after using sigma-clipping with a 3σ cutoff to
remove fluxes possibly contaminated with a bright, back-
ground source. This was then scaled to the area of the target
aperture to represent errbkg. The three error components are
then summed in quadrature to form the total 1σ uncertainty
(errtot) of the measured flux density for each source.
For sources where we used the timeline fitting, only two
components are needed. The output from the timeline fit-
ting contains an estimate of the statistical uncertainty in the
flux density. This is combined in quadrature with a 5.5% cal-
ibration error, which is the same as the calibration error for
aperture photometry minus the 1% uncertainty in the beam
areas that are not needed in the timeline fitting.
© 0000 RAS, MNRAS 000, 000–000
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5 THE Herschel-BAT SPIRE CATALOG
Table 2 represents our final SPIRE catalog for the Herschel -
BAT AGN. For each waveband three columns are provided.
The first column contains the flux density (Fbkg−sub and 1σ
uncertainty (errtot). The second column provides the pho-
tometry method used to determine the flux density, either
timeline fitting (“TF”) point source aperture photometry
(“PAP”), or extended source aperture photometry (“EAP”).
The third column provides flags to assist in assessing the
reliability of the photometry. We decided to impose a strict
5σ threshold for reporting the photometry, so for all sources
where 5errtot > Fbkg−sub, only the 5σ upper limit is given as
the flux density for that band and a flag of “U” is used. For
sources above 5σ a flag of “A” is used. Alongside these two
flags we also indicate those sources that are contaminated
by foreground cirrus emission with a flag of “C”. Finally a
flag of “d” or “D” is used for sources that have a nearby com-
panion that could possibly be affecting the photometry of
the main BAT source. “d” represents companions that are
either relatively faint compared to the BAT source or are far
enough away where contamination to the SPIRE photom-
etry is minimal. “D” represents nearby bright companions
that are completely contaminating the source photometry,
and we recommend using these flux densities as only upper
limits. In total 17 and 10 sources have a “d” and “D” clas-
sification for the 250 µm waveband, 20 and 13 for the 350
µm waveband, and 13 and 21 for the 500 µm waveband. The
changing numbers with wavelength represents the degrading
resolution as wavelength increases. Many of the sources with
a “d” or “D” flag have previously been identified as merging
or companion systems in Koss et al. (2010).
© 0000 RAS, MNRAS 000, 000–000
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Table 2. SPIRE Flux Densities
Name RA DEC F250 Method250 Flag250 F350 Method350 Flag350 F500 Method500 Flag500
(J2000) (J2000) (Jy) (Jy) (Jy)
Mrk 335 00h06m19.5s +20d12m10s 0.068 ± 0.007 TF A < 0.067 PAP U < 0.078 PAP U
2MASX J00253292+6821442 00h25m32.9s +68d21m44s < 0.286 PAP UC < 0.364 PAP UC < 0.263 PAP UC
CGCG 535-012 00h36m21.0s +45d39m54s 0.178 ± 0.034 EAP A < 0.140 EAP U 0.061± 0.011 EAP A
NGC 235A 00h42m52.8s -23d32m28s 0.955 ± 0.081 EAP A 0.399 ± 0.060 EAP A < 0.126 PAP U
MCG -02-02-095 00h43m08.8s -11d36m04s < 0.102 EAP U < 0.057 EAP U < 0.094 PAP U
Mrk 348 00h48m47.1s +31d57m25s 1.328 ± 0.179 EAP AD 0.711 ± 0.109 EAP AD < 0.319 EAP UD
MCG +05-03-013 00h51m35.0s +29d24m05s 1.135 ± 0.086 EAP A 0.512 ± 0.053 EAP A 0.158± 0.030 EAP A
Mrk 352 00h59m53.3s +31d49m37s 0.127 ± 0.025 EAP A < 0.078 EAP U < 0.049 PAP U
ESO 195-IG021 NED03 01h00m35.0s -47d52m04s 0.415 ± 0.024 TF A 0.194 ± 0.013 TF A 0.072± 0.011 TF A
MCG -07-03-007 01h05m26.8s -42d12m58s 0.206 ± 0.013 TF A 0.094 ± 0.009 TF A < 0.093 PAP U
2MASX J01064523+0638015 01h06m45.3s +06d38m02s 0.036 ± 0.006 TF A < 0.074 PAP U < 0.082 PAP U
Note. – Column 1: Name of the source. Column 2: Right ascension in J2000 coordinates. Column 3: Declination in J2000 coordinates. Column 4: 250 µm flux density and 1σ uncertainty
in units of Jy. 5σ upper limits are given for undetected sources. Column 5: Method used to extract the photometry. Either “TF” for timeline fitting, “PAP” for point sources aperture
photometry, or “EAP” for extended source aperture photometry. See text for details on the differences. Column 6: Flag for the photometry. “A” = source was detected at greater than
5σ. “U” = 5σ upper limit. “C” = likely foreground cirrus contamination. “d” = nearby companion however unlikely to affect photometry. “D” = nearby companion that is likely strongly
affecting photometry. Columns 7–9: Same as Columns 4–6 except for the 350 µm waveband. Columns 10–12: Same as Columns 4–6 except for the 500 µm waveband. Full version of the
table available in online version.
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5.1 Comparison with Herschel Reference Survey
The Herschel Reference Survey (HRS, Boselli et al. (2010a))
is a guaranteed time key project that surveyed 323 nearby
(15 < D < 25 Mpc) galaxies using SPIRE to explore
the dust content in early and late-type galaxies. Cross-
correlating our sample with HRS, we found four sources
(NGC 3227, NGC 4388, NGC 4941, and NGC 5273) that
are a part of both. We compared the fluxes published
in Ciesla et al. (2012) to our own and find a mean ratio
FBAT/FHRS of 0.88, 0.92, and 0.87 for the 250, 350, and 500
µm wavebands respectively.
However, there are several distinct differences between
the HRS analysis and ours with the major difference being
the beam area sizes. Ciesla et al. (2012) used beam areas
of 423, 751, and 1587 arcsec2 compared with 469.7, 831.7,
and 1793.5 arcsec2 for our analysis. To correct for this, we
multiplied the HRS fluxes for the galaxies by 423/469.7,
751/831.7, and 1587/1793.5 for the 250, 350, and 500 µm
bands respectively. After this correction the flux compar-
ison ratios change to 0.97, 1.02, and 0.99. The remaining
few percent differences we attribute to the differences in ob-
serving mode, map maker (Scanamorphos vs. naive map),
data reduction, and photometry techniques. The ratios are
also well within the uncertainties, therefore we conclude our
photometry is consistent with the HRS.
5.2 Comparison with Planck
We also compared our fluxes with those from
the Planck Catalog of Compact Sources (PCCS;
Planck Collaboration et al. 2013). The Planck telescope
performed an all-sky survey at nine submillimeter and radio
wavebands to primarily measure the cosmic microwave
background. The highest frequency band centered at 857
GHz matches the SPIRE 350 µm waveband and the 545
GHz (550 µm) overlaps the SPIRE 500 µm waveband al-
lowing for independent measurements of the flux density of
our sources. We searched the PCCS for our sources at each
frequency using a 4’ search radius and found 60 matches at
350 µm and 37 at 500 µm. To be consistent with our work
we chose the aperture fluxes to compare with ours except
for Centaurus A, NGC 1365, and M106 in which we chose
the fluxes from fitting a Gaussian. These three sources are
resolved even with Planck ’s poor spatial resolution, so the
aperture fluxes will underestimate the true flux because the
aperture sizes are equal to the resolution at each frequency.
We applied color corrections to the Planck fluxes to
account for the differences in both central wavelength and
spectral response. These were downloaded from the NHSC
website6 and provides corrections for different temperature
greybodies with an assumed emissivity of 1.8. Also provided
are F545/F847 flux ratios that correspond to each tempera-
ture, which we compare with each observed flux ratio to find
the right color correction for each source. Therefore we also
restricted our comparison to only include sources that were
detected in both the 545 and 857 GHz band giving a total
of 27 sources.
6 https://nhscsci.ipac.caltech.edu/sc/index.php/Spire/
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Figure 3. Detection fractions for the whole BAT sample (313
AGN), Sy 1’s (139 AGN), and Sy 2’s (169 AGN) in each SPIRE
waveband. Sy 1’s show significantly lower detection fractions than
Sy 2’s.
After correcting the Planck fluxes, we compare them
to our SPIRE fluxes and find a median SPIRE-to-Planck
ratio of 0.90 and 1.00 for the 350 and 500 µm band respec-
tively. This shows a relatively good agreement between the
SPIRE and Planck instruments, especially in the 500 µm
band and especially given all the assumptions and correc-
tions that were made to compare the flux densities.
6 FIR PROPERTIES OF THE Herschel-BAT
SAMPLE
6.1 Detection Rate and Luminosity Distributions
Meléndez et al. (2014) in analyzing the PACS photometry
found 95% and 83% of the BAT sample had a 5σ detection
at 70 and 160 µm, indicating a largely complete survey of
AGN for those wavelengths. Our SPIRE analysis finds a 5σ
completeness of 86%, 72%, and 46% for 250, 350, and 500 µm
respectively. The decreasing completeness reflects both the
decreasing sensitivity of SPIRE with increasing wavelength
as well as the rapid fall-off of the SED at longer wavelengths.
Even with the relatively low detection rate at 500 µm, this
still results in 143 AGN having complete FIR SEDs from
70–500 µm, representing a great step forward in advancing
the study of the mid-far IR SED of AGN.
After splitting the sample into Sy 1’s and Sy 2’s, we find
a distinct difference in the detection rate (Figure 3). Sy 2’s,
for all 3 wavebands, are detected at a significantly higher
rate than Sy 1’s (95% vs. 81% for 250 µm, 85% vs. 62% for
350 µm, 58% vs. 34% for 500 µm).
As we discuss in Meléndez et al. (2014) with the PACS
photometry, this most likely is a result of the different
redshift distribution between Sy 1’s and Sy 2’s. In the
Swift/BAT catalog, Sy 2’s are found preferentially at lower
redshifts than Sy 1’s. Without taking into account the red-
shifts, the higher detection rate for Sy 2’s would indicate Sy
2’s favoring higher FIR luminosities. However, as Figure 4
shows, this is not the case. Figure 4 displays the kernel den-
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Table 3. SPIRE Luminosity Distributions
Sample Mean 25th %tile 50th %tile 75th %tile
250 µm
Total 42.8±0.03 42.5 42.9 43.2
Sy 1 42.6±0.07 42.2 42.8 43.1
Sy 2 42.8±0.05 42.6 42.9 43.2
350 µm
Total 42.3±0.04 42.0 42.4 42.7
Sy 1 41.9±0.1 40.9 42.2 42.6
Sy 2 42.3±0.05 42.0 42.4 42.7
500 µm
Total 41.6±0.06 41.3 41.7 42.0
Sy 1 41.2±0.1 26.7 41.1 41.9
Sy 2 41.4±0.09 40.6 41.6 42.0
sity estimates (KDE) of the SPIRE luminosity distributions
for the total sample, Sy 1’s, and Sy 2’s. KDE’s are a bet-
ter way to represent distributions of data than histograms
due to the histogram’s dependence on both bin size and
bin centers. A KDE represents each data point using a user-
specified shape and sums all of them together. In this Paper,
the shape we use is a Gaussian that has a width defined by
“Scott’s Rule” (Scott 1992).
Sy 1’s and Sy 2’s have identical 250 and 350 µm lumi-
nosity distributions. At 500 µm the luminosity distributions
for Sy 2’s actually peak at a lower luminosity than Sy 1’s.
Again, this is due to Sy 2’s occurring at lower redshifts where
it is easier to detect the lower luminosities at longer wave-
lengths.
Figure 4 however does not account for the undetected
galaxies at each wavelength. For this, we use “survival anal-
ysis” to calculate the Kaplan–Meier product-limit estima-
tor, a non-parametric representation of the survival func-
tion, S(t) = P (T ≧ t). The Kaplan–Meier estimator then
allows for an accurate estimate of mean, median, and stan-
dard deviation of a sample including censored values.
To perform the survival analysis, we utilized the soft-
ware package ASURV (Feigelson & Nelson 1985; Isobe et al.
1990). The only inputs necessary are the measured lumi-
nosities and upper limits for each wavelength. In Table 3
we outline the mean, 25th, 50th, and 75th percentiles of the
luminosity distribution at each SPIRE wavelength. We give
values for the entire sample as well as just the Sy 1’s and Sy
2’s.
The mean and medians for Sy 1’s and Sy 2’s are similar,
however Sy 2’s do seem to have slightly higher luminosities
at each wavelength. The mean luminosities deviate between
0.2–0.4 dex and the median deviates between 0.1–0.5 dex.
We test for differences between the two samples using the
Peto & Prentice Generalized Wilcoxon test, which is sim-
ilar to the standard Kolmogorov-Smirnov test but allows
for censoring (i.e. upper limits). The test indicates that the
probability that Sy 1’s and Sy 2’s are drawn from the same
parent population is 5%, 3%, and 14% for 250, 350, and
500 µm respectively. The usual cutoff for significant differ-
ences between two samples is 5%, therefore we consider the
luminosity distributions of Sy 1’s and Sy 2’s to be statisti-
cally the same at 500 µm and marginally different at 250
and 350 µm. This echoes the same small differences seen in
Meléndez et al. (2014) for the 160 µm band where Sy 2’s dis-
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Figure 4. Kernel density estimates (KDE, see text for explana-
tion) of the luminosity distribution at each SPIRE wavelength for
the total sample (black), Sy 1’s (blue), and Sy 2’s (red). At 250
µm Sy 1’s and Sy 2’s are nearly identical while at 350 and 500
µm Sy 2’s seem to shift towards lower luminosities.
played slightly higher luminosities as well, suggesting that
Sy 2’s do indeed exhibit either larger dust masses or higher
rates of star formation.
6.2 Herschel Undetected Sources
With the photometry for all five wavebands of our Her-
schel study now measured, we can identify sources that
are completely undetected at the 5σ limit. In total,
we find 11 sources that are completely undetected or
about 4%. These sources are 2MASS J17485512-3254521,
2MASX J08032736+0841523, 2MASX J09360622-6548336,
© 0000 RAS, MNRAS 000, 000–000
12 T. T. Shimizu
2MASX 
J08032736+0841523 
2MASX 
J14530794+2554327 
ARP 151 PG 2304+042 
Figure 5. SDSS gri images of 4/8 the Herschel-BAT AGN that
are undetected at all five Herschel wavebands.
2MASX J12475784-5829599, 2MASX J13512953-1813468,
2MASX J14080674-3023537, 2MASX J14530794+2554327,
2MASX J20183871+4041003, Arp 151, LEDA 138501, and
PG 2304+042.
The images for three of these sources (2MASS
J17485512-3254521, 2MASX J12475784-5829599, and
2MASX J20183871+4041003) are dominated by foreground
cirrus emission so it is possible they would have been
detected in the SPIRE wavebands without the cirrus con-
tamination. The other eight Herschel -BAT AGN, however,
are clear non-detections at all five wavebands.
We examined SDSS optical images (Figure 5) for four
of the eight sources that are not detected in any Herschel
waveband. 3/4 of the host galaxies are appear to be quite
red in color, indicating a lack of young stars and older stel-
lar population. Further their morphologies are either ellip-
tical or cigar shaped, indicative of early-type galaxies which
are known to be faint in the FIR and contain little dust
(e.g. di Serego Alighieri et al. 2013). The only exception is
ARP 151, which seems to be involved in a merger, display-
ing a long and narrow tidal tail. It is possible the merger
process has removed large amounts of gas and dust from
the galaxy causing it to be faint in the FIR. Given 75% of
the undetected sources with optical images are early-type
galaxies, it is likely the remaining four AGN host galaxies
are also early-type galaxies with relatively little cold dust
and star formation occurring.
6.3 Wavelength–Wavelength Luminosity
Correlations
Thermally heated dust is thought to produce the mid-far IR
SED (e.g. Draine 2003). Shorter wavelength emission corre-
sponds to both hotter and smaller dust grains and vice versa
for longer wavelengths. Both the amount of dust (i.e. dust
mass) heated to a specific temperature as well as the rela-
tive intensity of the heating process determine the strength
of the emission at a particular wavelength. If the same pro-
cess (e.g. young star formation) is heating all of the dust and
producing the entire FIR SED, we would expect strong cor-
relations between each wavelength, however if two or more
disjointed processes contribute to the SED (e.g. star forma-
tion and AGN emission), correlations will become weaker.
Three processes could contribute to the heating of dust
in the BAT AGN. Recent star formation in the galaxy will
produce OB stars with a high intensity of UV light that can
heat nearby dust to large temperatures. UV light can also es-
cape the star-forming regions and heat dust further away to
colder temperatures. Older stellar populations, however, also
produce an interstellar radiation field that can heat diffuse
dust to temperatures around 15 K which would contribute
most heavily at the longest wavelengths (e.g. Bendo et al.
2010, 2012; Boselli et al. 2012; Bendo et al. 2015). Finally,
the UV light from the AGN itself can heat dust in the torus.
We ran a correlation analysis between each Herschel
waveband. Two effects must be taken into account to es-
tablish reliable correlation coefficients: censoring and con-
founding variables. The confounding variable in this case is
distance. Since our sample is flux-limited, higher luminos-
ity objects are more likely to be found at larger distances.
Therefore it can produce the effect of an intrinsic correla-
tion when comparing two luminosities. To mitigate the ef-
fects of censoring and the luminosity-distance relationship,
we calculated the partial Kendall-τ correlation coefficient as
presented in Akritas & Siebert (1996). Table 4 displays all
of the correlation coefficients (ρτ ) as well as the probability
of zero correlation (Pτ ).
While all the relationships show some amount of cor-
relation with very low (≪ 1%) probabilities of occurring
by chance, the strongest ones occur between wavelengths
that are nearest each other. The 160 vs. 250 µm and 250
vs. 350 µm correlations have a correlation coefficient > 0.7.
This makes sense within the context of multiple temperature
components. Photometry from nearby wavelengths should
be produced from closely related temperature components.
The weak correlation between 70 and 500 µm indicates
the emission in these wavebands does not originate from
closely related processes. 70 µm emission comes from much
hotter and smaller dust grains than 500 µm and several pro-
cesses could provide an explanation. Since this is an AGN
sample, there could be a strong contribution from AGN
heated dust at 70 µm, whereas at 500 µm, AGN related
emission would likely be negligible. This is supported by our
findings in Meléndez et al. (2014) where we showed that the
70 µm luminosity is weakly correlated with AGN luminos-
ity. Further, in Mushotzky et al. (2014) we found that the
BAT AGN morphologies at 70 µm were concentrated in the
nucleus potentially indicating an AGN contribution.
The weak correlation, however, can also be explained
if non-star-forming processes also contribute to the 500 µm
emission. While in non-AGN galaxies, the majority of 70 µm
emission is most likely due to small, stochastically heated
dust grains around HII regions, > 250 µm emission is likely
produced by the heating of larger dust grains in the diffuse
ISM by older stars (e.g. Bendo et al. 2015). Therefore, the
disconnect between the stellar populations would produce
significant scatter in the correlation between 70 and 500 µm.
A third possibility is that synchrotron radiation pro-
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Table 4. Luminosity Partial Correlation Coefficients
250 µm 350 µm 500 µm
Total
70 µm 0.54±0.03 (≪ 0.01) 0.45±0.03 (≪ 0.01) 0.27±0.03 (≪ 0.01)
160 µm 0.74±0.02 (≪ 0.01) 0.62±0.02 (≪ 0.01) 0.34±0.03 (≪ 0.01)
250 µm ... 0.75±0.02 (≪ 0.01) 0.41±0.03 (≪ 0.01)
350 µm ... ... 0.42±0.03 (≪ 0.01)
14–195 keV 0.06±0.03 (0.05) 0.06±0.03 (0.06) 0.02±0.02 (0.52)
Sy 1
70 µm 0.55±0.04 (≪ 0.01) 0.43±0.04 (≪ 0.01) 0.23±0.04 (≪ 0.01)
160 µm 0.71±0.03 (≪ 0.01) 0.57±0.04 (≪ 0.01) 0.29±0.04 (≪ 0.01)
250 µm ... 0.66±0.04 (≪ 0.01) 0.32±0.04 (≪ 0.01)
350 µm ... ... 0.32±0.04 (≪ 0.01)
14–195 keV 0.13±0.05 (0.003) 0.10±0.04 (0.02) 0.04±0.04 (0.23)
Sy 2
70 µm 0.51±0.04 (≪ 0.01) 0.44±0.04 (≪ 0.01) 0.30±0.04 (≪ 0.01)
160 µm 0.74±0.03 (≪ 0.01) 0.64±0.03 (≪ 0.01) 0.40±0.04 (≪ 0.01)
250 µm ... 0.81±0.03 (≪ 0.01) 0.48±0.04 (≪ 0.01)
350 µm ... ... 0.50±0.04 (≪ 0.01)
14–195 keV 0.02±0.04 (0.69) 0.03±0.05 (0.54) -0.004±0.04 (0.91)
duced by radio jets associated with AGN can contribute to
the FIR, especially the longest wavelengths as seen in some
radio-loud galaxies (Baes et al. 2010; Boselli et al. 2010b).
This non-thermal emission would be completely unrelated to
the thermal emission at 70 µm, thereby producing a weaker
correlation between the luminosities at those wavebands. In
a later section we will show there are indeed some radio-loud
sources in our sample where synchrotron emission dominates
the SPIRE emission, although the fraction of sources is quite
low.
When we break the sample down into Sy 1’s and 2’s
we do not find much difference between the correlation co-
efficients. This shows that Sy 1’s and 2’s are not different
in terms of their overall FIR emission and the same pro-
cesses are likely producing the FIR emission. Sy 1’s do show
a slightly weaker correlation between the Herschel luminosi-
ties especially the ones involving 500 µm. This is likely due
to the fact that most radio-loud AGN are classified as Sy 1’s
so synchrotron emission is contributing strongest at 500 µm
compared to the other wavebands.
6.4 Correlation With Ultra-Hard X-ray
Luminosity
Ultra-hard X-ray luminosity directly probes the current
strength of the AGN because it likely originates very close
to the SMBH. The 14–195 keV luminosity then provides
an unambiguous measure of the AGN power especially for
Compton-thin sources. If we want to determine whether the
AGN contributes in any way to the FIR luminosity, the first
check would be to correlate the 14–195 keV luminosity with
each waveband’s luminosity. Meléndez et al. (2014) ran cor-
relation tests for the PACS wavebands finding a weak, but
statistically significant correlation between the 70 and 160
µm luminosity and the 14–195 keV luminosity for Sy 1’s but
not for Sy 2’s.
Using the same methods as we did to measure strengths
of the correlations between each Herschel luminosity, we
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Figure 6. Correlations between each SPIRE waveband luminos-
ity and the BAT 14–195 keV luminosity. Blue circles in the left
column represent Sy 1’s. Red squares in the right column are Sy
2’s. Sources with gray arrows indicate 5σ upper limits.
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measured the correlation between each SPIRE and 14–195
keV luminosity. The last lines of each section of Table 4 lists
the results of the correlation tests and Figure 6 plots the
correlations with gray arrows indicating upper limits.
For the AGN sample as a whole, no significant correla-
tion exists between the SPIRE and 14–195 keV luminosity.
All of the ρτ , after accounting for the partial correlation with
distance, are below 0.1 with Pτ either at or above 5%. How-
ever, when we break the sample up into Sy 1’s and Sy 2’s
and redo the correlation tests, we find a very weak correla-
tion between the 250 and 350 µm luminosity and ultra-hard
X-ray luminosity for Sy 1’s only (ρτ = 0.13 and 0.10). Sy
2’s ρτ are consistent with no correlation with Pτ > 54%
for all three wavebands. This continues the trend with what
was found in Meléndez et al. (2014) where only Sy 1’s were
found to have a weak correlation between the BAT lumi-
nosity and the PACS waveband luminosities. The partial
correlation coefficients were 0.20 ± 0.04 and 0.12 ± 0.04 for
Sy 1s and 0.08±0.04 and −0.005±0.04 for Sy 2’s at 70 and
160 µm respectively (see Table 3 of Meléndez et al. 2014).
We note however that except for the 70 µm waveband,
none of the correlation coefficients are > 3σ away from a null
correlation coefficient. So even though Pτ < 5%, these are
all quite weak correlations between the Herschel wavebands
and BAT luminosity for Sy 1’s. At 500 µm, the correlation
completely disappears.
As we discuss in Meléndez et al. (2014), this extends
the trend observed in the MIR where strong correlations
have been measured between the 9, 12, and 18 µm lu-
minosities and the BAT luminosity (Gandhi et al. 2009;
Matsuta et al. 2012; Ichikawa et al. 2012) but moving to-
wards longer wavelengths the correlation degrades rapidly
as shown in Ichikawa et al. (2012) for 90 µm emission.
Clearly then, at long wavelengths (λ > 40 µm), emission
from dust unrelated to the AGN dominates most galaxies.
However, we must still explain why Sy 1’s retain a weak cor-
relation while Sy 2’s do not. Meléndez et al. (2014) discussed
in detail several theories for why Sy 1’s would show a differ-
ent correlation between the Herschel luminosities and BAT
luminosity. These included an intrinsically different BAT lu-
minosity distribution for Sy 1’s and Sy 2’s and the addition
of Compton-thick (CT) AGN in the Sy 2 sample.
Several authors have found that the Sy 2 luminosity
function breaks at a significantly lower luminosity than
for Sy 1s (e.g. Cowie et al. 2003; Hasinger et al. 2005;
Burlon et al. 2011). At low BAT luminosity, then, there
are more Sy 2’s than Sy 1’s as is evident in Figure 6.
Rosario et al. (2012) showed that at low AGN luminosity
the correlation between SFR and AGN luminosity flattens.
This can be explained one of two ways: 1.) Only at high
AGN luminosity is there a direct connection between star
formation and AGN activity. 2.) At high AGN luminosity,
the IR-related AGN emission overwhelms any star-forming
related IR emission even at long wavelengths. Regardless
of the physical reason, the flattening of the SF-AGN re-
lationship at low luminosity could explain the correlation
differences seen between Sy 1s and Sy 2s since Sy 2s are
preferentially found at lower luminosity than Sy 1s.
Meléndez et al. (2014) tested this for the PACS wave-
bands and found that only using high luminosity objects
did not improve the X-ray-to-IR correlation for Sy 2’s. We
repeated this test with the SPIRE luminosities and limited
the samples to only AGN with BAT luminosity greater than
1043.5 ergs s−1. For both Sy 1’s and Sy 2’s the correlations
become insignificant, likely because of the reduction in num-
ber of sources used in the analysis. It is then inconclusive
whether or not a difference in intrinsic AGN luminosity is
the cause of the differences in correlations between X-ray
and IR luminosity for Sy 1’s and Sy 2’s.
The other possibility is that CT sources are contaminat-
ing the Sy 2 sample. This would have an effect if the high col-
umn density (NH > 10
24 cm−2) material obscuring the AGN
scatters 14-195 keV photons out of our line sight causing
a lower measured BAT luminosity. Meléndez et al. (2014)
identified 44 either confirmed CT AGN or likely CT AGN
based on X-ray hardness ratios in our sample. We removed
these likely CT sources and redid the correlation tests, find-
ing no difference from before just as Meléndez et al. (2014)
found. Therefore, it is unlikely that CT sources are the cause
of the difference between the Sy 1 and Sy 2 correlations.
Given the inconclusiveness of the first test limiting the
sample to high luminosity objects, we can only speculate
about the reason for the difference in correlations. However,
Meléndez et al. (2014) did find that restricting the sample
to high luminosity objects increased the strength of the cor-
relation for Sy 1’s but not Sy 2’s in the PACS wavebands.
It is possible then that either a direct physical link between
the SFR and AGN luminosity that is only evident in high
luminosity AGN or increased contamination of the AGN to
the IR SED is causing the relatively stronger correlation in
Sy 1s but not Sy 2s.
What is conclusive is that the SPIRE emission from the
AGN host galaxies on average is not strongly contaminated
by AGN-related emission given the small values for the cor-
relation coefficients even for Sy 1’s.
6.5 SPIRE Colors
While in the previous sections, we examined the absolute
luminosities of each SPIRE waveband and the correlations
between each other and other wavebands (PACS and BAT),
in this section we examine the SPIRE colors (i.e. flux ratios).
Colors in general provide measures of the shape of the SED.
Different objects and mechanisms produce significantly dif-
ferent SED shapes across the same wavelength regime, there-
fore colors can be used to separate distinct populations from
each other especially when groups display the same abso-
lute brightnesses. We investigate two colors, F250/F350 and
F350/F500, that probe the Rayleigh Jeans tail of a modified
blackbody if the dominant process producing the emission
is cold dust.
6.5.1 BAT AGN SPIRE colors are similar to high-mass
non-AGN galaxies
Figure 7 plots the KDE of the two colors. The top row com-
pares the distribution of the colors (F250/F350 on the left and
F350/F500 on the right) from the BAT AGN and HRS sam-
ples. While the HRS galaxies are local like the BAT AGN,
one major difference is the stellar mass distribution. The
HRS sample contains more low stellar mass galaxies while
the BAT AGN are strictly found in galaxies with stellar mass
(M∗) values above 10
9.5 M⊙ (Koss et al. 2011).
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As Boselli et al. (2012) show, FIR colors can be affected
by the physical properties of the galaxy, especially the colors
probing the cold dust such as the ones we are investigating
here. Therefore, we broke the HRS sample into two groups,
a high mass group (M∗ > 10
9.5 M⊙) and low mass one
(M∗ > 10
9.5 M⊙) indicated in Figure 7 by the solid and
dashed green lines. Stellar masses for the HRS were obtained
from Cortese et al. (2012).
We also plot the theoretical color of the modified black-
body with a dust temperature of 20 K and emissivity (β) of
2.0 and 1.5, values typical of normal, star-forming galaxies
(e.g. Calzetti et al. 2000; Smith et al. 2012; Galametz et al.
2012; Dale et al. 2012; Cortese et al. 2014). The HRS high
mass group and BAT AGN display nearly identical color dis-
tributions for both colors whereas the HRS low mass group is
skewed toward lower colors. Results of a K-S test show that
the HRS high mass group and BAT AGN colors are drawn
from the same parent population with a PK−S = 49% and
22% for F250/F350 and F350/F500 respectively. On the other
hand the HRS low mass group colors are significantly differ-
ent from the BAT AGN with PK−S values much less than
1%.
This is consistent with what was found in Boselli et al.
(2012), who showed that the SPIRE colors for the HRS sam-
ple were affected by the metallicity of the galaxy with metal
rich galaxies displaying larger flux ratios and a higher β than
metal poor ones. Given the strong, positive relationship be-
tween metallicity and M∗ (e.g. Tremonti et al. 2004), this is
exactly in line with what is seen in Figure 7. The HRS high
mass group and BAT AGN display colors closer to the ones
expected for a modified blackbody with β ∼ 2.0 while the
low mass HRS group are closer to β ∼ 1.5.
In Figure 8 we plot both colors together for the HRS and
BAT AGN. Nearly all of the HRS galaxies are concentrated
along a main locus as well as many of the BAT AGN. We
also plot the expected colors for a modified blackbody with
varying temperature between 10 and 60 K and an emissivity
of either 2.0 (green line and squares) or 1.5 (purple line and
diamonds). Each square or diamond represents an increase
of 5 K starting at 10 K in the lower left. The main locus for
both samples is clearly aligned with a modified blackbody
with temperatures between 15–30 K. Cortese et al. (2014) fit
the FIR SED of the HRS sample using a single temperature
modified blackbody finding exactly this range of tempera-
tures and an average emissivity of 1.8. Further these values
are consistent with dust in the Milky Way, Andromeda, and
other nearby galaxies (Galametz et al. 2012; Boselli et al.
2012; Smith et al. 2012).
6.5.2 Sy 1s and Sy 2s show the same SPIRE colors
In the bottom rows, we compare Sy 1’s and Sy 2’s. Based on
the results of our analysis in Section 6.1, we would expect Sy
1’s and Sy 2’s to show the same distribution of colors. Indeed
this is the case as both distributions in both colors peak at
nearly the same values and have nearly the same spread.
K-S tests reveal the colors for the two Seyfert types are
drawn from the same parent population with PK−S = 0.2
for F250/F350 and PK−S = 0.3 for F350/F500.
6.5.3 Outliers in SPIRE color-color space: Radio-loud
AGN and excess 500 µm emission
While the bulk of the SPIRE colors are very similar between
the HRS and BAT, and the two Seyfert types, one noticeable
difference is a distinct bump in the color distribution around
0.75. This bump is absent in the HRS sample and mainly
is made up of Sy 1s. With both flux ratios less than one,
this indicates a monotonically rising SED that is in stark
contrast with the rapidly declining SED characteristic of a
modified blackbody. The equation for a modified blackbody
is
Fν ∝ ν
βB(ν, T ) (3)
where B(ν, T ) is the standard Planck blackbody function
with a temperature of T .
The bump seen in Figure 7 is very evident in Fig-
ure 8 as a separate population in the lower left-hand cor-
ner. Specifically 6 BAT AGN and one HRS galaxy occupy
the region of color-color space where F250/F350 < 1.5 and
F350/F500 < 1.5. Based on the theoretical curves, these ex-
ceptional colors cannot be explained as either a different
temperature or emissivity. Rather an entirely different pro-
cess is producing the FIR emission in these galaxies and
since the colors indicate essentially a rising SED, we sus-
pected synchrotron radiation as the likely emission mecha-
nism with its characteristic increasing power law shape with
wavelength.
Further there seems to be a horizontal spread in the
distribution of the BAT AGN in Figure 8 that is clearly not
evident in the HRS. Also this effect is not seen Figure 7 and
the KDEs because it only becomes evident when analyzing
the two colors together. Both samples span the same range of
colors, however their distribution in color-color space is dif-
ferent. This is characterized by a large group of BAT AGN
above and to the left of the main locus and β = 1.5 line
(purple) as well as a smaller group of AGN below and to the
right of the main locus and β = 2.0 line (green). The latter
group can be explained simply from a decrease in temper-
ature and increase in emissivity up to a beta value of 3.0
(cyan line in Figure 7), indicating the prevalence of large
amounts of cold dust. The former group could be explained
by a decrease in the emissivity closer to around values of 1.0
(gray line), however this would require the dust tempera-
ture to increase to values above 60 K, not typical of regular
star-forming galaxies.
Rather these high temperatures (70–100 K) are near
the expected temperatures for dust heated by the AGN,
which show characteristic peaks in their SED between 20–40
µm (Richards et al. 2006; Netzer et al. 2007; Mullaney et al.
2011). If the AGN is affecting the colors of these sources
more than the ones on the main locus then there should be
some correlation between the offset from the main locus and
an indicator of AGN strength such as X-ray luminosity.
To quantify the offset from the main locus, we fit the
SED of all of the sources in Figure 8 using a modified black-
body (Eq. 3) with a fixed emissivity of 2.0 to measure the
excess or deficiency of observed 500 µm emission compared
to the model.
With the emissivity fixed at 2.0, there are only two free
parameters, the dust temperature and normalization. We fit
the sources within a Bayesian framework using uniform pri-
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Figure 7. top row: KDE of the F250/F350 (left) and F350/F500 (right) colors for the BAT AGN (purple) and HRS (green). For the HRS
galaxies, we split the sample into high (M∗ > 109.5 M⊙; solid line) and low (M∗ < 109.5 M⊙, dashed linje) stellar mass groups. A K-S
test indicates the SPIRE color distributions for the BAT AGN and HRS high-mass group are statistically the same with PK−S = 49%
for F250/F350 and PK−S = 22% for F350/F500. bottom row: KDEs for the colors of the BAT AGN separated into Sy 1s (blue) and Sy
2s (red). K-S tests indicate the two Seyfert types are drawn from the same parent population with PK−S = 17% and 37% for F250/F350
and F350/F500 respectively. In both rows we also plot the expected color for a modified blackbody with a dust temperature of 20 K and
an emissivity of 2.0. (dotted line) and 1.5 (dot-dash line)
ors for the logarithm of the normalization and dust tempera-
ture and a standard Gaussian likelihood function. To sample
the posterior probability density function, we use the emcee7
package (Foreman-Mackey et al. 2013) that implements the
affine-invariant ensemble sampler for Markov chain Monte
Carlo (MCMC) originally proposed by Goodman & Weare
(2010)8.
For the model fitting, we only use 160, 250, and 350 µm
flux densities. We exclude the 500 µm data point because
our aim is to compare the expected 500 µm emission from
the model with the observed one and do not want the fitting
influenced by the observed emission. We also exclude the 70
µm flux density because it can be dominated by emission
from hotter dust heated by young stars in dense star-forming
regions or the AGN itself (Calzetti et al. 2000; Bendo et al.
7 Available at http://dan.iel.fm/emcee/current/
8 The MCMC ensemble sampler is essentially multiple MCMC
chains running in parallel and each chain is called a “walker”. We
chose to use 50 walkers that run for 1000 steps each. The first
200 steps of each walker are discarded as a “burn-in” period that
allows each walker time to move away from the initial guesses for
the parameters and begin exploring the full posterior probability
distribution.
2010; Boquien et al. 2011; Smith et al. 2012; Meléndez et al.
2014).
Each sample from the MCMC chain contains values for
the parameters of the modified blackbody that are likely
given the posterior distribution. From all of these param-
eters, we calculated 40000 modeled 500 µm emission and
“excess” using the following equation:
E500 =
Fobs − Fmodel
Fmodel
(4)
E500 then represents a fractional excess (or deficiency) as
compared to the model emission. A deficiency would be in-
dicated by a negative value for E500. The final excess value
associated with the source is then determined as the me-
dian of all of the excess values. In Figure 9 we plot the same
color-color diagram as in Figure 8 with each point colored
by its measured E500.
In general, points with low values of the F350/F500 color
show high values of E500 and vice versa for high values of
the F350/F500 color. Points along the main locus are scat-
tered around E500 = 0. Thus, E500 can quantify a source’s
distance from the main locus and allows us to study possible
causes for this excess emission at 500 µm.
We first measure the correlation between E500 and ra-
dio loudness. AGN historically have been classified into two
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Figure 8. SPIRE color-color plot of the BAT AGN (red triangles) and HRS high and low M∗ group (blue and yellow circles). The lines
with markers represent theoretical colors assuming a modified blackbody (Fν ∝ νβB(ν, T )) with emissivity, β = 3.0, 2.0, 1.5, and 1.0.
Each marker represents a different temperature from 10 K (lower left) to 60 K (upper right) in increments of 5 K, except for β = 3.0
for which we only show markers for 10, 15, and 20 K. The main locus for both the BAT AGN and HRS is concentrated around the
theoretical colors between 15–30 K and β = 1.5− 2.0. Representative error bars are shown in the lower right corner.
groups based on how bright their radio emission is com-
pared to another waveband, usually optical. These groups
are “radio-loud” and “radio-quiet” AGN with the former
group showing bright radio emission and the latter faint
radio emission relative to the optical or X-ray emission
(Kellermann et al. 1989; Xu et al. 1999). While originally
radio-loud and radio-quiet AGN seemed to form a di-
chotomy, the consensus now seems to be that there is
a broad distribution of radio-loudness rather than a bi-
modality (White et al. 2000; Cirasuolo et al. 2003b,a; Laor
2003). Further, the original radio loudness parameter, R =
Lradio/Lopt which measured the ratio of the radio to
optical luminosity, was shown to underestimate the ra-
dio loudness especially for low-luminosity Seyfert galaxies
(Terashima & Wilson 2003). Rather RX = Lradio/LX which
measures the nuclear radio to X-ray luminosity ratio was
confirmed to be a better radio-loudness indicator given X-
rays are less affected by obscuration and contamination from
the host galaxy. Therefore, for the BAT AGN, we use RX
to measure the radio-loudness with Lradio = L1.4GHz and
LX = L14−195 keV.
For L1.4GHz we first cross-correlated the BAT AGN
with the FIRST and NVSS databases which provide 1.4
GHz flux densities over all of the northern sky. FIRST flux
densities were preferred over NVSS due to the much bet-
ter angular resolution (5" vs. 45"). Since Swift/BAT was
an all-sky survey, nearly half of the BAT AGN were not in-
cluded in either FIRST or NVSS. For these southern sources
we turned to the Sydney University Molonglo Sky Survey
(SUMSS; Bock et al. 1999) which surveyed the southern
sky at 843 MHz. Finally, for the remaining sources miss-
ing radio data, we performed a literature search and found
5 GHz fluxes from various other studies (Becker et al. 1991;
Griffith & Wright 1993; Rush et al. 1996; Ho & Peng 2001;
Shi et al. 2005). To convert all flux densities to 1.4 GHz, we
assumed a power-law spectrum, Fν ∝ ν
−0.7, that is typical
for synchrotron emission.
Figure 10 plots E500 against RX to test our hypothe-
sis that the excess 500 µm emission is related to the radio
loudness of the AGN. In the left panel we plot all of the
sources together to show the full range of E500. Indeed, the
six AGN with the largest values of E500 exhibit high val-
ues of radio loudness (log RX > −4.0). These six AGN are
HB 890241+622, 2MASX J23272195+1524375, 3C 111.0, 3C
120, Pictor A, and PKS 2331-240 and all are well known
radio-loud AGN. They correspond to the six sources in Fig-
ures 8 and 9 that lie in the lower left hand corner. Fur-
ther, the lone HRS galaxy seen in Figure 8 among the six
BAT AGN is the radio galaxy M87, whose jets and radio
activity have been studied extensively. Based on this, we
prescribe color cutoffs that can easily separate radio-loud
AGN from radio-quiet AGN and normal star-forming galax-
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Figure 10. The correlation between radio loudness defined as RX = L1.4GHz/L14−195 keV and the 500 µm excess emission, E500. The
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ies: F250/F350 < 1.5 and F350/F500 < 1.5 (see dashed lines
in Figure 9).
While radio-loudness can explain the most extreme val-
ues of E500, it does not explain the more moderate ones. In
the right panel of Figure 10, we zoom in on the AGN with
E500 < 1.0. Visually there does not appear to be any strong
correlation between RX and E500 and the Spearman rank
correlation coefficient between them is -0.15, weak and in
the opposite sense of what would be expected if synchrotron
emission was contaminating the 500 µm emission.
To explore even further, we analyzed the correla-
tions between E500 and two AGN-related indicators, the
Swift/BAT luminosity, L14−195 keV , and the 3.4 to 4.6 µm
flux ratio (W 1/W 2). The 3.4 (W 1) and 4.6 (W 2) µm fluxes
for the BAT AGN were obtained from the Wide-field In-
frared Survey Explorer (WISE ; Wright et al. 2010) AllWISE
catalog accessed through the NASA/IPAC Infrared Science
Archive (IRSA)9. Details of the compilation of WISE fluxes
for the BAT AGN will be available in an upcoming publica-
tion (Shimizu et al. in preparation).
Winter et al. (2012) showed that L14−195 keV can be
used as a measure of the intrinsic bolometric luminosity of
the AGN, unaffected by host galaxy contamination or line-
of-sight absorption. W 1/W 2 has been shown to be an ef-
fective discriminator between AGN-dominated and normal
star-forming galaxies that has both high reliability and com-
pleteness (Stern et al. 2012)10. Stern et al. (2012) also show
that as the fraction of emission coming from the host galaxy
increases W 1/W 2 increases as well making it a good mea-
sure of the relative contribution of the AGN to the infrared
luminosity.
Fig. 11 shows the relationships between both
L14−195 keV (left panel) andW 1/W 2 (right panel) with E500
after removing the six radio-loud AGN. Both parameters dis-
play noticeable correlations with E500 with L14−195 keV posi-
tively correlated andW 1/W 2 negatively correlated. We cal-
culated Spearman rank correlation coefficients finding val-
ues of 0.49 and -0.49 respectively. Pearson correlation coef-
ficients are 0.30 and -0.50 respectively reflecting the more
linear relationship between E500 and W 1/W 2 than the one
between E500 and L14−195 keV. All correlations have a prob-
ability of a null correlation less than 0.01%. In the right
panel we also plot the Stern et al. (2012) cutoff for AGN-
dominated galaxies where values to the left of this line indi-
cate AGN-dominated colors.
Both panels indicate that the strength of the AGN in
the host galaxy is possibly having an effect on the SPIRE
colors. A stronger AGN in relation to the host galaxy is
causing deviations from a standard modified blackbody in
the form of a small but noticeable 500 µm offset.
Without longer wavelength data, however, its impos-
sible to determine the exact cause of the 500 µm ex-
cess so we can only speculate. Submillimeter excess emis-
sion has been observed in a number of objects including
dwarf and normal star-forming galaxies (e.g. Galametz et al.
2009, 2011; Dale et al. 2012; Rémy-Ruyer et al. 2013) as
9 http://irsa.ipac.caltech.edu/Missions/wise.html
10 Stern et al. (2012) prescribe a cutoff of W1 − W2 ≥ 0.8 in
magnitude units for selecting AGN. In flux units this changes to
W1/W2 ≤ 0.86
well as the Small and Large Magellanic Clouds (Bot et al.
2010; Gordon et al. 2010) and even our own Milky Way
(Paradis et al. 2012). Various explanations have been pro-
posed including the presence of a very cold (T ∼ 10 K) com-
ponent (Galametz et al. 2009, 2011; O’Halloran et al. 2010),
grain coagulation that causes the emissivity to increase for
colder temperatures (Paradis et al. 2009), fluctuations in the
Cosmic Microwave Background (Planck Collaboration et al.
2011), and an increase in magnetic material in the ISM
(Draine & Hensley 2012). While all of these explanations are
certainly still possible to explain the excess seen in the BAT
AGN, they lack any direct connection to the strength of the
AGN. Further, a key result from all of the previous work
is that the submillimeter excess is more prevalent in very
metal-poor galaxies (12 + log(O/H . 8.3). All of the BAT
AGN reside in high stellar mass galaxies (Koss et al. 2011)
and given the mass-metallicity relationship (Tremonti et al.
2004) should also be quite metal rich.
Rather, we speculate the excess is related to radio emis-
sion more closely associated with the AGN itself. Several
studies of the radio properties of AGN have revealed a
millimeter excess around 100 GHz (Doi et al. 2005, 2011;
Behar et al. 2015; Scharwächter et al. 2015) that is likely
due to either an inverted or flat SED between cm and
mm wavelengths. Because Doi et al. (2011) found the ex-
cess mainly in low luminosity AGN similar to Sgr A*, they
invoked advection dominated accretion flows (ADAF) that
produce compact nuclear jets to explain the inverter or flat
SEDs. However the sample of Behar et al. (2015) was com-
posed of X-ray bright AGN including high Eddington ra-
tio (Lbol/LEdd, a measure of the accretion rate relative to
the Eddington limit) sources where an ADAF is unlikely.
Behar et al. (2015) instead use the radio-to-X-ray luminos-
ity ratio to argue that the high-frequency radio emission
originates near the X-ray corona of the accretion disk given
the ratio’s similarity to that found for stellar coronal mass
ejections (e.g Bastian et al. 1998) as well as the compact
nature of the radio emission. Magnetic activity around the
accretion disk in the core of the AGN would then be re-
sponsible for the excess and if magnetic activity increases
with Lbol/LEdd, this could explain the relationship seen with
L14−195 keV as well asW 1/W 2. This strengthens the need for
a more comprehensive survey of AGN in the mm wavelength
range as it could clearly reveal interesting physics possibly
occurring near the accretion disk.
7 CONCLUSIONS
We have produced the Herschel/SPIRE maps for 313 AGN
selected from the Swift/BAT 58 month catalog in three
wavebands: 250, 350, and 500 µm. Combined with the PACS
photometry from Meléndez et al. (2014), the SPIRE flux
densities presented in this Paper form the complete FIR
SEDs for a large, nearby, and relatively unbiased sample of
AGN.We used two methods for measuring the flux densities:
timeline fitting for point sources and aperture photometry
for extended and undetected sources. We summarize below
the results of our statistical analysis and comparison to the
Herschel Reference Survey sample of normal star-forming
galaxies.
• Sy 2s are detected at a higher rate than Sy 1s, and
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Figure 11. Relationships between E500 and the hard X-ray luminosity (left), L14−195 keV, as a proxy for the intrinsic AGN strength,
and W1/W2 (right), the ratio of the 3.4 and 4.6 µm flux densities, as a proxy for the relative strength of the AGN to host galaxy
emission. In the right panel we also plot as a dashed line, the cutoff (0.86) for AGN-dominated galaxies prescribed by Stern et al. (2012)
after converting to flux densities. In both panels we removed sources with E500 > 1.0 that are associated with radio-loud AGN. Error
bars encompass the 68% confidence region for E500.
after accounting for upper limits, Sy 2’s have slightly higher
SPIRE luminosities than Sy 1’s. However the effect is small
and indicates that on average, the global FIR properties of
AGN are independent of orientation.
• Using a partial correlation survival analysis to account
for the luminosity-distance effect and upper limits, we find
all of the Herschel luminosities are correlated with each
other suggesting the process (or processes) producing the
emission from 70–500 µm is connected. Luminosities with
the smallest wavelength difference (i.e. 160 and 250 µm) are
much more correlated than pairs further apart (i.e. 70 and
500 µm), in agreement with different temperature compo-
nents associated with different wavebands. While this could
point to the AGN affecting the shorter wavebands more than
the longer ones and increasing the scatter, it can also be ex-
plained by an increased contribution from older stellar pop-
ulations to the emission at longer wavelengths.
• None of the SPIRE luminosities are well correlated with
the 14–195 keV luminosity, a proxy for the bolometric AGN
luminosity. The AGN, in general, is unlikely to be strongly
affecting either the 250, 350, or 500 µm emission, however
Sy 1s do show a very weak correlation at 250 and 350 µm.
Removing CT sources does not improve the correlation for
Sy 2’s. It remains to be seen what the exact explanation is
for the difference in correlations between Sy 1s and Sy 2s
but possible explanations include a direct link between star-
formation and AGN luminosity that is evident only at high
luminosity or increased contamination by the AGN.
• We compared the SPIRE colors, F250/F350 and
F350/F500, with the colors of the HRS galaxies. The BAT
AGN have statistically similar SPIRE color distributions as
the high stellar mass (logM∗ > 9.5 M⊙) HRS galaxies. This
further emphasizes that on average, the FIR emission of
AGN host galaxies is likely produced by cold dust in the ISM
heated by stellar radiation just as in normal star-forming
galaxies without an AGN.
• We did find anomalous colors for 6 BAT AGN with
F250/F350 < 1.5 and F350/F500 < 1.5. The FIR SEDs for
these AGN are dominated by synchrotron emission from a
radio jet rather than thermally heated dust.
• Another group of AGN with less anomalous colors but
still removed from the main locus were analyzed by fitting
the SEDs with a modified blackbody and calculating a 500
µm excess. We found the 500 µm excess is not related to
radio loudness, but is well correlated with the 14–195 keV
luminosity and W 1/W 2 (3.4/4.6 µm) color from WISE. We
speculate this is possibly related to the millimeter excess
emission recently seen in AGN caused by coronal emission
above the accretion disk.
Future work will focus on combining the photome-
try from Meléndez et al. (2014) and this Paper as well as
archival data to perform detailed SED modeling to investi-
gate the local starburst-AGN connection and the AGN con-
tribution to the FIR.
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